Purpose: Active learning methods such as problem-based learning have been widely adopted in health professions education, although guided inquiry learning has been used only in limited settings. The objective of this study was to determine students' learning gain when guided inquiry learning was combined with computer simulation in a basic pharmacology course. Methods: The second-year pharmacy students from Fiji National University participated in the study. Following classroom lectures on pharmacokinetics and pharmacodynamics, the students used tutor-prepared practice problems in groups of 3-4 to explore their concepts with Cyber Patient and Virtual Organ Bath software. Pre-and posttest assessments were administered to determine the learning gain from the exercises based on Hake' s criteria. Results: Fortytwo students participated in the study. The average normalized learning gain from the pharmacokinetics exercises was 0.68. Thirty-seven participants (88.1%) achieved a significant learning gain, while 5 (11.90%) did not. The average normalized learning gain from the pharmacodynamics exercises was 0.76. Forty-one participants (97.6%) achieved a significant learning gain, while one participant (2.4%) did not. Conclusion: These results demonstrated that use of guided inquiry learning with computer simulations could produce significant learning gains with improvement in students' understanding of basic pharmacology.
INTRODUCTION
Process-oriented guided inquiry learning (POGIL), which had its origin in chemistry education in the 1990s, has been increasingly introduced into health professions education [1] . It was originally based on the three-stage model of the learning cycle proposed by Abraham and Renner [2] in 1986, with the proposition that "the normal learning cycle sequence is the optimum sequence for achievement of content knowledge. " Whereas problem-based learning (PBL) is well established in the curricula of many medical schools and schools of health professions, POGIL is still not widely established, but has been applied increasingly in laboratory courses in medicinal chemistry, anatomy and physiology, and forensic science. POGIL is tutor-led, and builds on a student's prior knowledge. Through a series of carefully designed questions, it guides a student to develop concepts about a real-life issue. The learner also acquires process skills such as time management, resource exploration, and interpersonal skills. Pharmacology is a mandatory course for pharmacy students at Fiji National University. Pharmacokinetics and pharmacodynamics are taught early in the pharmacology course. The challenges were how to encourage the students to develop critical thinking and problem solving skills in pharmacology. To this end, guided inquiry learning and computer simulation exercises were introduced for some topics in the pharmacology course for second-year students in the Bachelor of Pharmacy Program. This study assessed the impact of the exercises on the students' learning gain.
METHODS

Subjects
This study was done with second-year bachelor of pharmacy students of the 2011 and 2012 classes of the College of Medicine, Nursing and Health Sciences, Fiji National University, Suva, Fiji. All of the second year students of the pharmacy program participated in this study.
Implementation of program
Pharmacokinetics and pharmacodynamics are among the first topics addressed in pharmacology class and are usually delivered by traditional lecture-based didactic pedagogy. The lectures are usually supplemented with simulated practical sessions with CyberPatient 2007 software developed by Labsoft Solutions (Simulation Plus, Lancaster, CA, USA) and Virtual Organ Bath computer software from Spider Science, University of Strathclyde, United Kingdom. These software applications could be freely downloaded without licenses from: http://www.labsoft.com/www/software.html and http://spider.science.strath.ac.uk/sipbs/showPage.php?page = software_ sims.
Classroom lectures were first given on pharmacokinetics and pharmacodynamics and then followed up with simulation practical classes. The students were briefed on the nature of the practice sessions and the roles of the team members in the process; then the simulation programs were demonstrated to the students by the tutors. They were then separated into groups of 3-4 students in each team. Each team chose a leader, whose roles included ensuring that the sessions were completed on time and that each member of the team was fully engaged in the group activities. A recorder, also chosen by the group, was responsible for all documentation of results and conclusions, as well as the completed report for tutor feedback; an operator from the group carried out the computer simulation activities with the full participation of all team members. The teams used tutor-generated practice problems to explore the concepts. They applied their findings to solve the following: pharmacokinetic problems such as defining types of compartmental models, evaluating the effects of different drug formulations (different Ka's) on absorption and plasma concentrations; pharmacodynamics problems such as determination of dose-response relationships, defining the types of antagonist used, and bioevaluation of unknown drugs.
Analysis: Their observations and conclusions were recorded and the reports were submitted to the tutors for marking and tutor feedback. Pre-and posttests of 10 pharmacokinetics and 10 pharmacodynamics items were used to assess the learning gain of the students after the simulation exercises. A paired sample Student's t-test was used to compare the pretest and posttest scores of the students using Prism Graph Pad 6 statistical software, and a P-value < 0.01 was considered statistically significant. The learning gain for the whole study group was determined based on Hake's criteria, with a class average normalized gain (g) ≥ 0.30 considered significant. Individual students' learning gain values (g i ) were calculated as follows [2] [3] [4] : gi = (%posttest-%pretest)/(100-%pretest), while the class average normalized gain was calculated as: g = 1/N∑ gi = 1/N∑ (%posttest-%pretest)/(100-%pretest).
RESULTS
Forty-two students comprising 20 students from the 2011 class and 22 students from the 2012 class participated in the study. The mean posttest score for pharmacokinetics (8.57 ± 1.192) was significantly higher than the mean pretest score (5.643± 1.322; Fig. 1 , P< 0.001). The average normalized learning gain of the students was 0.68 (SD = 0.27) with learning gain values for individual students ranging from 0.00 to 1.00, a median value of 0.67, a 25th percentile value of 0.50 and 75th percentile value of 1.00. Based on Hake's criteria, 88.1% of the students (37/42) achieved significant learning gains ( ≥ 0.30), while only 11.90% (5/42) did not. Similarly, the mean posttest score for pharmacodynamics (8.98 ± 0.92) was significantly higher than the mean pretest score (6.24 ± 0.95; Fig. 2 , P < 0.001). The average normalized learning gain from the pharmacodynamics exercises was 0.76 with values ranging from 0.25 to 1.00. Forty-one of the participants (97.6%) achie- ved a significant learning gain ( ≥ 0.30), with only 1 participant (2.4%) not achieving a significant learning gain by Hake's criteria.
DISCUSSION
Several research reports have demonstrated successful application of active learning methodologies in teaching pharmacology courses to health science students [1, 5] . Together with the adoption of active learning methods, there has come increasing application of technology in education, and several studies have demonstrated good outcomes when educational experience with these technologies was measured in terms of user satisfaction [6, 7] . The results of this study demonstrated significant learning gains when process-oriented guided inquiry learning was integrated with computer simulations in basic pharmacology education in our setting. The students' performances on the pretest and posttest assessments showed that they achieved deep learning through the exercises and were able to apply these concepts to solving pharmacokinetics and pharmacodynamics problems. By Kirkpatrick's four-level model of training evaluation, the pretest and posttest assessments represent level 2 evaluation, which measures "learning" or more precisely, the increase in knowledge that is attributable to the educational experience [8, 9] . This level is presumably a higher order measure of learning outcomes compared to measures of participants' reactions to an educational exercise, which has been assigned to level 1 in this model.
The possible limitation of this study is that the data were obtained from students in a pharmacy program whose pharmacology content is different from those of other health professions programs, so that the results may not be generalized to those other programs. However, it does demonstrate that the combination of guided inquiry learning and computer simulations could significantly improve students' pharmacology learning outcomes in any pharmacy program. The software programs used in the study were obtained free of charge or license commitments, and the practice sessions were simple to administer, making this an attractive instructional method for health professional education institutions. Furthermore, we recommend this model not only for other pharmacology modules but also for other science programs with substantial pharmacology content.
In conclusion, the use of the process-oriented guided inquiry technique further enhanced the students' process and team skills, enabling them to take greater possession of their learning and enhanced their analytical abilities. The continued participation of all the students in the exercises up to the end, and their enthusiastic quest to explore the pharmacokinetics and pharmacodynamics issues was an eloquent expression of their interest in the computer exercises, which some of them likened to a computer game.
ORCID: Christian C Ezeala: http://orcid.org/0000-0002-1117-1089; Arnold A Ram: http://orcid.org/0000-0001-5528-1813; Napolioni Vulakouvaki: http://orcid.org/0000-0001-5417-0353 
